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(57) Abstract: An integrated circuit device (300) comprises a substrate (301) and MRAM architecture (3 14) formed on the substrate 
O (308). The MRAM architecture (3 14) includes a MRAM circuit (318) formed on the substrate (301); and a MRAM cell (316) coupled 
to and formed above the MRAM circuit (318). Additionally a passive device (320) is formed in conjunction with the MRAM cell 
(316). The passive device (320) can be one or more resistors and one or more capacitor. The concurrent fabrication of the MRAM 
architecture (314) and the passive device (320) facilitates an efficient and cost effective use of the physical space available over 
j^- active circuit blocks of the substrate (404, 504), resulting in three-dimensional integration. 
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PASSIVE ELEMENTS IN 
MRAM EMBEDDED INTEGRATED CIRCUITS 



5 TECHNICAL FIELD 

[0001] The present invention relates generally to electronic devices. More 
particularly, the present invention relates to an integrated circuit device that includes 
Magnetoresistive Random Access Memory (MRAM) structures and passive device 
structures formed on a single substrate. 

10 

BACKGROUND 

[0002] In contrast to Random Access Memory (RAM) technologies that use 
electronic charges to store data, MRAM is a memory technology that uses magnetic 
polarization to store data. One primary benefit of MRAM is that it retains the stored data 

15 in the absence of applied system power, thus, it is a nonvolatile memory. Generally, 

MRAM includes a large number of magnetic cells formed on a semiconductor substrate, 
where each cell represents one data bit. Information is written to a bit cell by changing 
the magnetization direction of a magnetic element within the cell, and a bit cell is read by 
measuring the resistance of the cell (e.g., low resistance typically represents a "0" bit and 

20 high resistance typically represents a "1" bit). 

[0003] A MRAM device generally includes an array of cells that are programmed 
using programming lines, often called conductive bit lines and conductive digit lines. 
MRAM devices are fabricated using known semiconductor process technologies. For 
example, the bit and digit lines axe formed from different metal layers that are separated 

25 by one or more insulating and/or additional metal layers. Conventional fabrication 

processes allow distinct MRAM devices to be easily fabricated on a devoted substrate. 
[0004] The miniaturization of many modern applications make it desirable to shrink 
the physical size of electronic devices, integrate multiple components or devices into a 
single chip, and/or improve circuit layout efficiency. It is desirable to have a 

30 semiconductor-based device that includes a MRAM architecture integrated with passive 

elements, such as resistors and capacitors on a single substrate, where the MRAM 
architecture and the passive elements are fabricated using the same process technology. 
Furthermore, other desirable features and characteristics of the present invention will 
become apparent from the subsequent detailed description and the appended claims, taken 
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in conjunction with the accompanying drawings and the foregoing technical field and 
background. 

BRIEF DESCRIPTION OF THE DRAWINGS 
5 [0005] A more complete understanding of the present invention may be derived by 

referring to the detailed description and claims when considered in conjunction with the 
following figures, wherein like reference numbers refer to similar elements throughout 
the figures: 

[0006] FIG. 1 is a schematic perspective view of a simplified MRAM architecture in 
10 accordance with an exemplary embodiment of the invention; 

[0007] FIG. 2 is a schematic perspective view of a MRAM cell configured in 
accordance with an example embodiment of the invention; 

[0008] FIG. 3 is a simplified cross sectional view of an integrated circuit device 
configured in accordance with an example embodiment of the invention; 

15 [0009] FIG. 4 is a cross sectional view of a resistor fabricated on the same substrate 

as a MRAM cell in accordance with an exemplary embodiment of the invention; 
[0010] FIG. 5 is a cross sectional view of a resistor fabricated on the same substrate 
as a MRAM cell in accordance with another exemplary embodiment of the invention; and 
[0011] FIG. 6 is a cross sectional view of a capacitor fabricated on the same substrate 

20 as a MRAM cell in accordance with another exemplary embodiment of the invention. 

DETAILED DESCRIPTION 
[0012] The following detailed description is merely illustrative in nature and is not 
intended to limit the invention or the application and uses of the invention. Furthermore, 
25 there is no intention to be bound by any expressed or implied theory presented in the 

preceding technical field, background, brief summary or the following detailed 
description. 

[0013] For the sake of brevity, conventional techniques and features related to 

MRAM design, MRAM operation, semiconductor device fabrication, and other aspects of 

30 the integrated circuit devices may not be described in detail herein. Furthermore, the 

circuit/component layouts and configurations shown in the various figures contained 

herein are intended to represent exemplary embodiments of the invention. 

[0014] FIG. 1 is a schematic perspective view of a simplified core MRAM bit 

architecture 100 that is formed on a substrate (not shown) using a suitable semiconductor 

2 
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fabrication process. Although FIG. 1 illustrates a MRAM architecture 100 that includes 
only nine cells, a typical MRAM device will typically include a much larger number of 
cells (e.g., millions of cells). Generally, MRAM architecture 100 includes at least one 
electrode 104 formed from one metal layer, at least one electrode 106 formed from 
5 another metal layer, and a Magnetic Tunnel Junction ("MTJ") core 102 fomied between 

the two metal layers. The MTJ core 102 includes cells that form an array of memory 
locations for MRAM architecture 100. 

[0015] FIG. 2 is a schematic perspective view of a MRAM cell 200 configured in 
accordance with an exemplary embodiment of the invention. Some or all cells in MRAM 

10 architecture 100 may be configured as shown in FIG. 2. MRAM cell 200 includes an 

MTJ core 102 having a first ferromagnetic layer 202, a second ferromagnetic layer 204, 
an insulating layer 206 interposed between the two ferromagnetic layers, and a bottom 
electrode 207 that is coupled to the second ferromagnetic layer 204. In this example, 
first ferromagnetic layer 202 is a free magnetic layer because the direction of its 

15 magnetization can be switched to change the bit status of MRAM cell 200. Second 

ferromagnetic layer 204, however, is a fixed magnetic layer because the direction of its 
magnetization is engineered not to rotate or change directions with normal write fields. 
When the magnetization in first ferromagnetic layer 202 is parallel to the magnetization 
in second ferromagnetic layer 204, the resistance across MRAM cell 200 is lower than 

20 when the magnetization in first ferromagnetic layer 202 is anti-parallel to the 

magnetization in second ferromagnetic layer 204. The data (i.e., a "0" or "1") in a given 
MRAM cell 200 is determined by measuring the resistance of the MRAM cell 200. The 
techniques utilized to read and write data to MRAM cell 200 are known to those skilled in 
the art and, therefore, will not be described in detail herein. 

25 [0016] FIG. 2 also depicts a bit line 208, which can be formed in a layer known as the 

Metal Global Interconnect (MGI) layer and a digit line 210, which can be formed in a 
layer known as the Metal Digital Line (MDL) layer, which will be individually and 
collectively referred to herein as program lines, corresponding to MRAM cell 200. The 
orientation of the magnetization in first ferromagnetic layer 202 rotates in response to 

30 current magnitude and current direction flowing in digit line 210 and in response to 

current magnitude and direction flowing in bit line 208. In a typical MRAM cell 200, the 
orientation of the bit is switched by reversing the polarity of the current in bit line 208 
while keeping a constant polarity of the current in digit line 210. In a toggle bit of 
MRAM cell 200, the orientation of the bit is switched by a sequence of current pulses 
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from the program lines bit line 208 and digit line 210) . In an exemplary embodiment, bit 
line 208 may be connected to any number of similar MRAM cells (e.g., a column of cells) 
to provide a common write current to each of the connected cells. Similarly, digit line 
210 may be associated with any number of similar MRAM cells (e.g., a row of cells) to 
5 provide a common digit current to each of the cells. An exemplary matrix configuration 

is schematically illustrated in FIG. 1. 

[0017] In the exemplary embodiment shown in FIG. 2, digit line 210 comprises a 
conductive digit element 212 and a permeable cladding material 214 formed from a soft 
magnetic material. In this example, cladding 214 partially surrounds conductive digit 

10 element 212. In particular, cladding 214 is formed around three sides of conductive digit 

element 212 such that the inward facing surface of conductive digit element 212 remains 
uncladded. In the preferred embodiment shown in FIG. 2, bit line 208 includes a 
conductive bit element 216 and cladding 218 formed from a magnetic material. In this 
example, cladding 218 is formed around three sides of conductive bit element 216 such 

15 that the inward facing surface of conductive bit element 216 remains uncladded. 

Cladding 214/218 can focus the magnetic flux toward the MTJ 102 to improve the 
efficiency in programming the MRAM cells 200. The cladding also reduces the write 
disturbance to neighboring bits. In exemplary embodiments, the magnetic cladding is an 
integral part of the barrier layers used in the fabrication of conductive program lines, such 

20 as copper, used in the MRAM process. 

[0018] In one exemplary embodiment, conductive digit element 212 and conductive 
bit element 216 are formed from an electrically conductive material such as copper, and 
cladding 214/218 is formed from a soft, permeable ferromagnetic materials such as NiFe, 
a nickel-iron-cobalt alloy, a cobalt-iron alloy, permalloy, or the like. In one example 

25 embodiment, cladding 214/218 is within the range of approximately 25 to 2000 

Angstroms thick and typically about 50 to 300 Angstroms thick. The sidewalls of 
cladding 214/218 may be slightly thinner. Although the conductive elements and the 
cladding are realized from different materials, conductive digit element 212 and cladding 
214 are considered to be fabricated at one common metal layer (e.g., the metal four 

30 layer), and conductive bit element 216 and cladding 218 are considered to be fabricated at 

another common metal layer (e.g., the metal five layer). 

[0019] A cross sectional view of an exemplary embodiment of the present invention 
is illustrated in FIG. 3. In FIG. 3 an integrated circuit 300 includes a substrate 301, 
MRAM architecture 314, and smart power components 306. Integrated circuit 300 can be 
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manufactured using a fabrication technology that includes a front end fabrication process 
and a back end fabrication process. Therefore, integrated circuit 300 can include 
elements or features that are formed using front end fabrication processes and elements 
and features that are formed using back end fabrication processes. During the front end 
5 fabrication process, various elements or features are formed in front end layers 304 and 

during the back end fabrication process, various elements or features are formed in back 
end layers 302. These layers can include metal layers, conductive layers, dielectric layers 
and other types of layers and can be formed using any of a number of well known 
fabrication processes. Since front end fabrication processes are completed prior in time to 
10 back end fabrication processes, front end layers 304 are located above the substrate 301 

but below the back end layers 302. 

[0020] The MRAM architecture 314 includes a MRAM circuit 318 that is formed in 
the front end layers 304. The smart power component 306 comprises a power circuit 308; 
an Analog power control circuit 310 and a logic control circuit 312 are formed on the 

15 substrate 301 and are manufactured using a front end fabrication process. In an 

embodiment of the present invention, the MRAM circuit 318 and the smart power 
component 306 can be manufactured concurrently during the front end fabrication 
process. MRAM circuit component 318 may include any number of elements or features 
that support the operation of MRAM architecture 314, including, without limitation: 

20 switching transistors; input/output circuitry; a decoder; comparators; sense amplifiers, or 

the like. 

[0021] MRAM cell 316, which is also part of the MRAM architecture 314, and 
passive components 320 are formed in back end layers 302 using back end fabrication 
processes. In one exemplary embodiment of the present invention, the materials used to 
25 manufacture MRAM cell 316 can also be useful in the fabrication of passive components 

320. Thus, passive components 320 can be manufactured concurrently during the front 
end fabrication process. 

[0022] MRAM architecture 314 may be generally configured as described above in 
connection with FIGS. 1 and 2. Indeed, integrated circuit 300 may employ conventional 
30 MRAM designs and techniques for MRAM architecture 314, and such conventional 

features will not be described in detail herein. Generally, as shown in FIG. 3, MRAM 
architecture 314 includes the MRAM circuit component 318 formed in the front end 
layers 304 and a MRAM cell 316 formed in the back end layers 302 coupled to MRAM 
circuit component 318. 
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[0023] In one exemplary embodiment of the invention, power circuit component 308 
includes one or more high power MOSFET devices that are configured to operate at high 
voltages to generate high currents. Alternate embodiments may employ different power 
generation devices and techniques for power circuit component 308. Digital logic 
5 component 312 may be realized with CMOS transistors or any suitable digital logic 

arrangement. Digital logic component 312 is configured to carry out the digital 
operations that support the smart power architecture of integrated circuit 300. Analog 
power control circuit 310 includes analog circuit components configured to support the 
smart power component of integrated circuit 300. Analog power control component 310 
10 may include, for example, resistors, capacitors, inductors, MOSFETs, bipolar devices, 

and/or other analog circuit elements. 

[0024] Passive components 320 are components that do not provide any amplification 
or gain. In one embodiment of the present invention, passive components 320 can be 
resistors and capacitors. In the present invention, as discussed previously, the passive 
15 components 320 can be constructed during the process steps used to fabricate the MRAM 

cell 316. Thus, a passive component is formed in conjunction with a MRAM cell 316 
when at least part of the passive device is formed in the same layer as an element of 
MRAM cell 316. The passive components 320 can be used with the smart power 
components 306. 

20 [0025] FIG. 4 is an exemplary embodiment of an integrated circuit 400 that includes a 

resistor integrated with a MRAM (not shown) and smart power components (not shown). 
Many of the materials that are used in the manufacture of the MRAM cell also have good 
resistive qualities. For example, the bottom electrode of the MTJ core (referred to in the 
specification as a metal MTJ layer or a MMTJ layer), can be used to form a resistor. The 

25 material used to manufacture the Metal Local Interconnect (MLI) layer and the materials 

used to form the MTJ core can serve as resistors. Also, a series of resistors can be formed 
by connecting resistive elements formed on one or more layers. 

[0026] Integrated circuit 400 includes a substrate 404, front end layers 405 formed 
over the substrate 404 and back end layers 406 formed over the front end layers 405. The 
30 back end layers comprise first back end layers 407 and second back end layers 408. A 

dashed line 409 represents a dividing line between the first back end layers 407 and the 
second back end layers 408. The size of the front end layers 405, the back end layers 406 
and the dashed line 409 dividing the first back end layers 407 and the second back end 
layers 408 are shown for exemplary purposes only and the size can vary. 
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[0027] First back end layers 407 can include a metal one layer 412, a metal two layer 
414, and a metal three layer 416 connected by conductive vias 419. The first back end 
layers 407 may also include various dielectric layers (not shown). The smart power 
components 306 (not shown in FIG. 4) and the MRAM circuit components 318 (not 
5 shown in FIG. 4) are formed in the front end layer 405 and, in some exemplary 

embodiments, first back end layers 407, using metal one layer 412, metal two layer 414 
and metal three layer 416, where appropriate. 

[0028] Second back end layers 408, in this exemplary embodiment, can include a 
metal five layer 422, a MMTJ layer 426, a MLI layer 428 and conductive vias 430. The 
10 second back end layers 408 also include various dielectric layers, which, for simplicity 

sake, are not illustrated in FIG. 4. In this exemplary embodiment, both a MRAM cell and 
a resistor can be fabricated together. 

[0029] In one exemplary embodiment of the present invention, a resistor 450 is 
formed in the second back end layers 408. In this exemplary embodiment the resistor 450 

15 includes a resistor element 452. In this exemplary embodiment, resistor element 452 is 

formed in the MLI layer 428. The MMTJ layer 426 and the MTJ layer (not shown) are 
used to provide electrical connections and are not used as a resistor. An input 460 and an 
output 462 are formed at the metal four level 422. As noted before, the digit line 104 of 
the MRAM is also formed in the metal four level 422. The input 460 and the output 462 

20 are electrically coupled to the substrate for use by the power components. 

[0030] In one exemplary embodiment, resistor element 452 is manufactured from a 
thin layer of tantalum nitride (TaN). The resistor 450 is formed over the logic circuitry, 
which improves the layout efficiency. 

[0031] In another exemplary embodiment, materials in different layers of the back 
25 end layers act as resistors in series. FIG. 5 illustrates an integrated circuit 500 having a 

substrate 504 upon which front end layers 405 are formed. Back end layers 406 are 
formed over the front end layers 405 and comprise first back end layers 407 and second 
back end layers 408. Imaginary line 409 divides first back end layers 407 and second 
back end layers 408. 

30 [0032] First back end layers 407 can include a metal one layer 510, a metal two layer 

512, and a metal three layer 514. The metal layers are connected by conductive vias 516. 
First back end layers 407 may also include various dielectric layers (not shown). Smart 
power components 306 and MRAM circuit components 318 (both not shown) can be 
formed in the front end layers 405 and, in some designs, in first back end layers 407 
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using, metal one layer 510, metal two layer 512, and metal three layer 514, when 
appropriate. 

[0033] Second back end layers 408, in this exemplary embodiment, can include a 
metal four layer 520, a MMTJ layer 522, a MTJ layer 524 and a MLI layer 526, 
5 connected by vias 528. The MTJ layer 524 is illustrated as a single layer in FIG. 5 but, as 

illustrated in FIGS. 1-2 and discussed previously, the MTJ layer 524 comprises a first 
ferromagnetic layer 202, a second ferromagnetic layer 204, and an insulating layer 206 
between the two ferromagnetic layers. 

[0034] In one exemplary embodiment, a resistor 530 is comprised of several 
10 individual resistors elements connected in series. A first resistor element 532, a second 

resistor element 534, and a third resistor element 536 are formed in MMTJ layer 522. As 
discussed previously, MMTJ layer 522 is the same layer where the bottom electrode of 
the MR AM can be formed. A fourth resistor element 538, a fifth resistor element 540, a 
sixth resistor element 542, and a seventh resistor element 546 are formed in the MTJ layer 
15 524, the same layer where the MTJ core 102 is fabricated. An eighth resistor element 548 

and a ninth resistor element 550 are formed in the MLI layer 526. 

[0035] In the exemplary embodiment of FIG. 5, the resistor elements formed in the 
MTJ layer 524 are formed from the same material as the MTJ core 102 of the MRAM cell 
200. Therefore, the resistors fabricated in the MTJ layer 524 can be set to one of the two 

20 resistive states depending on if the magnetization in the first ferromagnetic layer 202 is 

parallel or anti-parallel to the direction of the second ferromagnetic layer 204. Therefore, 
by switching the magnetization of the first ferromagnetic layer 202, the resistance of 
resistors formed in the MTJ layer 524 can be adjusted between the two values. Thus, 
resistor elements in the MTJ layer 524 are adjustable. 

25 [0036] In addition, the resistors in the MTJ core 102 can be disabled when excessive 

voltage is applied. The excessive voltage ruptures the insulating layer 206, which results 
in the shorting of the resistor element. Those skilled in the art can adapt the exemplary 
diagrams to allow the isolation of specific resistors thus creating an array of fusable 
resistors. By using this method, a combination of resistors forming an array can be 

30 configured to provide a range of resistor values. . 

[0037] In addition to providing resistors that are fabricated on the same integrated 
circuit as a MRAM device, capacitors can also be integrated with MRAMs and smart 
power components. FIG. 6 illustrates a capacitor 602 formed in conjunction with a 
MRAM device (not shown) and on the same integrated circuit 600. Capacitors store 



WO 2007/027381 



PCT/US2006/030817 



electric charge and typically consist of a dielectric material or insulation interposed 
between two conductors. In an exemplary circuit 600 of FIG. 6, the bottom electrode 614 
is formed at the MLI layer. In an exemplary embodiment, the bottom electrode 614 is 
made from TaN. A dielectric layer is formed over the bottom electrode 614. In one 
5 embodiment, the dielectric layer comprises a 1,000 angstrom layer of TEOS 

(tetraethylorthosilicate derived silicon dioxide) 604 and a 650 angstrom layer of plasma 
enhanced nitride (PEN) 606. A top electrode 612 is formed over the dielectric layer 604 
at the MGI layer. In one exemplary embodiment, the top electrode 612 is made from 
copper. In the present invention, the bit line 106 of the MRAM can be fabricated at the 
10 same layer as the top electrode 612. The bottom electrode 614 can be electrically coupled 

to the MTJ layer 616 by a first via 610. The top electrode 612 (MGI) is electrically 
coupled to the metal four layer 618 by a second via 613. 

[0038] In an alternative embodiment, capacitor 602 can be manufactured using the 
material of the MLI layer (formerly the bottom electrode 614) as the top electrode and the 

15 material of the MTJ layer 616 as the bottom electrode and a dielectric, such as TEOS, 

between the MTJ layer 616 and the MLI layer 614 where via 610 is shown. In yet 
another embodiment, capacitor 602 can be manufactured using the material of the MTJ 
layer 616 of as the top electrode, the material of metal four layer 618 as the bottom 
electrode and a dielectric, such as PEN and TEOS, in a dielectric layer, where via 611 is 

20 typically formed. Additionally, any or all of the above capacitor combinations can be 

used together. 

[0039] In the preceding discussion, the elements of the resistors and capacitors were 
discussed as being formed in specific back end layers. However, the exact name of the 
back end layers used to fabricate elements of the resistors and capacitors is unimportant in 

25 the teachings of the present invention. In the present invention, resistors and capacitors 

are formed in conjunction with a MRAM cell as long as the MRAM cell and at least one 
element of the resistor or the capacitor share at least one common layer. 
[0040] In summary, circuits, devices, and methods configured in accordance with 
example embodiments of the invention relate to an integrated circuit device comprises a 

30 substrate and MRAM architecture formed on the substrate. The MRAM architecture 

includes a MRAM circuit formed on the substrate; and a MRAM cell coupled to and 
formed above the MRAM circuit. Additionally a passive device is formed in conjunction 
with the MRAM cell. In one embodiment, the passive device is a resistor. In another 
embodiment the passive device is a capacitor. The resistor can be a resistor element 
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formed in the MLI layer, the MMTJ layer, or the MTJ layer. Or the resistor elements can 
combine in any of several permutations. If the resistor element is fabricated in the MTJ 
layer, then the resistor element comprises a first ferromagnetic layer, a second 
ferromagnetic layer, and an insulating layer between the two ferromagnetic layers. The 
5 resistance of the resistor element can be set at a high state when the magnetization in the 

first ferromagnetic layer is anti-parallel to the magnetization in the second ferromagnetic 
layer and set to a low state when the magnetization in first ferromagnetic layer is parallel 
to the magnetization in second ferromagnetic layer. Additionally, if the resistor element 
is formed in the MTJ layer, the resistor element can be shorted by applying excessive 

10 voltage to the resistor element of the MTJ layer. 

[0041] In one exemplary embodiment, the capacitor comprises a top electrode formed 
in a metal six level, a bottom electrode formed in a MLI level and a dielectric layer 
formed between the top electrode and the bottom electrode. Alternatively, the capacitor 
comprises a top electrode formed in an MLI level a bottom electrode formed in an MMTJ 

15 layer and a dielectric layer formed between the top electrode and the bottom electrode. 

[0042] A method of forming an integrated circuit device method comprises forming, 
on the front end layers of the device, at least one power component; forming, on the front 
end layers of the device, a MR AM circuit; forming, on the back end layers, a MRAM 
cell; and forming, on the back end layers, a passive device having a feature found 

20 concurrently with a feature of the MRAM cell. The step of forming, on back end layers, a 

passive device further comprises forming a resistor comprising at least one resistor 
element on a back end layer on which a feature of the MRAM cell is fabricated. Also, the 
step of forming, on back end layers, a passive device further comprises forming a 
capacitor comprising a top electrode, a bottom electrode and a dielectric between the top 

25 electrode and the bottom electrode formed on back end layers, wherein at least one of the 

backend layers where the capacitor is found is associated with a feature of the MRAM 
cell. If the resistor is formed on a MTJ layer, the resistor element comprising a first 
ferromagnetic layer, a second ferromagnetic layer, and an insulating layer between the 
two ferromagnetic layers. The resistance of the resistor element can be set at a high state 

30 when the magnetization in the first ferromagnetic layer is anti-parallel to the 

magnetization in the second ferromagnetic layer and set to a low state when the 

magnetization in first ferromagnetic layer is parallel to the magnetization in second 

ferromagnetic layer. Additionally, if the resistor has a resistance, and the resistor 

comprises a plurality of resistor elements, a portion of the plurality of resistor elements 

10 
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can comprise a resistor element formed on a MTJ layer and a least one of the plurality of 
resistor elements are formed on the MTJ layer; wherein the resistor elements formed on 
the MTJ layer can be shorted to change the resistance of the resistor. 
[0043] An integrated circuit device comprises a substrate; a plurality of first end 
layers formed over the substrate; a MRAM circuit formed in the plurality of first end 
layers; one or more power components formed in the plurality of first end layers; and a 
plurality of back end layers formed over the front end layers. The back end layers include 
a magnetic random access memory ("MRAM") cell formed in the plurality of back end 
layers. The MRAM cell is coupled to the MRAM control and comprises at least one digit 
line, at least one bit line, and a magnetic tunnel junction core coupled between the at least 
one digit line and the at least one bit line. Further, at least one passive device is formed in 
the plurality of backend layers, wherein at least part of the passive device is fabricated 
when at least a portion of the MRAM cell is fabricated. The passive device can have one 
or more resistors and/or capacitors. 

[0044] The exemplary embodiment or embodiments described herein are not intended 
to limit the scope, applicability, or configuration of the invention in any way. Rather, the 
foregoing detailed description will provide those skilled in the art with a convenient road 
map for implementing the described embodiment or embodiments. It should be 
understood that various changes can be made in the function and arrangement of elements 
without departing from the scope of the invention as set forth in the appended claims and 
the legal equivalents thereof. 



11 
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CLAIMS 

What is claimed is: 

1 . An integrated circuit device, comprising: 
a substrate; 

a plurality of front end layers formed on the substrate; 

a plurality of back end layers formed over the plurality of front end layers; 

a MRAM cell formed in the plurality of back end layers; and, 

a passive device formed, at least in part, in one of the plurality of back end layers 
where at least part of the MRAM cell is formed. 

2. The device of claim 1, further comprising at least one additional circuit component on 
the substrate, the at least one additional circuit component being formed below the passive 
elements. 

3. The device of claim 1 wherein the passive device is a resistor. 

4. The device of claim 1 wherein the passive device is a capacitor. 

5. The device of claim 3 wherein the resistor comprises a resistor element formed in a 
metal local interconnect layer. 

6. The device of claim 3 wherein the resistor comprises a resistor element formed in a 
bottom electrode of a magnetic tunnel junction layer. 

7. The device of claim 3 wherein the resistor comprises a resistor element formed in a 
Magnetic Tunnel Junction layer. 

8. The device of claim 7 wherein the resistor element comprises a first ferromagnetic 
layer, a second ferromagnetic layer, and an insulating layer between the two ferromagnetic 
layers, wherein the resistance of the resistor element can be set at a high state when the 
magnetization in the first ferromagnetic layer is anti-parallel to the magnetization in the 
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second ferromagnetic layer and set to a low state when the magnetization in first 
ferromagnetic layer is parallel to the magnetization in second ferromagnetic layer. 

9. The device of claim 7 wherein the resistor element can be shorted by applying 
5 excessive voltage to the resistor element of the Magnetic Tunnel Junction layer. 

10. The device of claim 4 wherein the capacitor comprises a top electrode formed in a 
MGI level, a bottom electrode formed in a metal local interconnect level and a dielectric layer 
formed between the top electrode and the bottom electrode. 

10 

11. The device of claim 4 wherein the capacitor comprises a top electrode formed in an 
metal local interconnect level a bottom electrode formed in a bottom electrode of a magnetic 
tunnel junction layer and a dielectric layer formed between the top electrode and the bottom 
electrode. 

15 

12. The device of claim 4 wherein the capacitor comprises a top electrode formed in a a 
bottom electrode of a magnetic tunnel junction layer MMTJ level, a bottom electrode formed 
in a Metal Digital Line level and a dielectric layer formed between the top electrode and the 
bottom electrode. 

20 

13. A method of forming an integrated circuit device, said method comprising: 
forming, on front end layers of the device, at least one power component; 
forming, on the front end layers of the device, a MRAM circuit; 
forming, on the back end layers, a MRAM cell; and 

25 forming, on back end layers, a passive device having a feature formed in a backend 

layer where a feature of the MRAM cell is found. 

14. The method of claim 13 wherein the step of forming, on back end layers, a passive 
device further comprises: 

30 forming a resistor comprising at least one resistor element on a back end layer on 

which a feature of the MRAM cell is fabricated. 

15. The method of claim 13 wherein the step of forming, on back end layers, a passive 

device further comprises forming a capacitor comprising a top electrode, a bottom electrode 
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and a dielectric between the top electrode and the bottom electrode formed on back end 
layers, wherein at least one of the backend layers where the capacitor is found is associated 
with a feature of the MR AM cell. 

5 16. The method of claim 14 wherein the step of forming a resistor further comprises 
forming a resistor comprising a resistor element formed on a Magnetic Tunnel Junction layer, 
the resistor element comprising an first ferromagnetic layer, a second ferromagnetic layer, 
and an insulating layer between the two ferromagnetic layers, wherein the resistance of the 
resistor element can be set at a high state when the magnetization in the first ferromagnetic 
10 layer is anti-parallel to the magnetization in the second ferromagnetic layer and set to a low 
state when the magnetization in the first ferromagnetic layer is parallel to the magnetization 
in second ferromagnetic layer. 

17. The method of claim 14 wherein the step of forming a resistor further comprises 
15 forming a resistor having a resistance, the resistor comprising a plurality of resistor elements, 
a portion of the plurality of resistor elements comprising a resistor element formed on a 
Magnetic Tunnel Junction layer and wherein at least one of the portion of the plurality of 
resistor elements can be shorted to change the resistance of the resistor. 

20 18. An integrated circuit device comprising: 
a substrate; 

a plurality of first end layers formed over the substrate; 

a MR AM control circuit formed, at least partially, in the plurality of first end layers; 

one or more power components formed in the plurality of first end layers; 
25 a plurality of back end layers formed over the front end layers; 

a magnetic random access memory ("MRAM") cell formed in the plurality of back 
end layers, the MRAM cell coupled to the MRAM control circuit, the MRAM cell 
comprising: 

at least one digit line; 
30 at least one bit line; and 

a magnetic tunnel junction core coupled between the at least one digit line and 
the at least one bit line; and 
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at least one passive device formed in the plurality of backend layers, wherein at least 
part of the passive device is fabricated when at least a portion of the MRAM cell is 
fabricated. 

5 19. An integrated circuit device according to claim 18 wherein the passive device is a 
resistor. 

20. An integrated circuit device according to claim 18 wherein the passive device is a 
capacitor. 

10 



15 



WO 2007/027381 



PCT/US2006/030817 




WO 2007/027381 



PCT/US2006/030817 



2/5 



r 



300 



BACK-END 



1 



320 



PASSIVE COMPONENTS 



302 



MRAM 
316 



Y314 



POWER 



t 



CONTROL 



LOGIC 



308 306 310 312 

FRONT-END 301 



^318 



Y 304 



FIG. 3 



WO 2007/027381 



PCT/US2006/030817 




WO 2007/027381 



PCT/US2006/030817 




WO 2007/027381 



PCT/US2006/030817 




INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US06/30817 



A. CLASSIFICATION OF SUBJECT MATTER 
IPC: H01L 29/82(2007.01) 



USPC: 257/421 

According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

U.S. : 257/421,295,422,209,21 1 ; 365/171,173,175 ; Gl 1C 1 1/36 ; G11C 17/00; H01L 43/00 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C. DOCUM ENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



X 

Y 

A 



US 6.456.525 Bl ( PERNER et al ) 24 Sep 2002 924.09.2002) , fig 2b, the whole document 

US 6,631,085 (ICIEVELAND et al ) 07 Oct 2003 (07.10.2003) the whole document 
US 6,829,158 (NAJI) 07 Dec 2004 (07.12.2004) , the whole document 



t-3. 5-9,18-20 
13-14,16-17 

1-20 
1-20 



| | Further documents are listed in the continuation of Box C. [_j See patent family annex. 



* Special categories of cited documents: 

"A" document defining the general state of the art which is not considered to be of 
particular relevance 

**E" earlier application or patent published on or after the international filing date 

"L" document which may throw doubts on priority claim(s) or when is cited to 
establish the publication date of another citation or other special reason (as 
specified) 

"O" document referring (o an oral disclosure, use, exhibition or other means 

•*P" document published prior to the international filing date but laterihan the 
priority date claimed 



"X" 



later document published after the international filing date or priority 
date and not in conflict with the application but cited to understand the 
principle or theory underlying the invention 

document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive step 
when the document is taken alone 

document of particular relevance: the claimed invention cannot be 
considered to involve an inventive stepwhen the document is combined 
with one or more other such documents, such combination being 
obvious to a person skilled in the art 

document member of the same patent family 



Date of the actual completion of the international search 
01 November 2006 (01.11 .2006) 



Name and mailing address of the ISA/US 
Mail Stop PCT, Attn: ISA/US 
Commissioner for Patents 
P.O. Box 1450 

Alexandria, Virginia 223 13-1450 
Facsimile No. (571) 273-3201 



Form PCT/ISA/210 (second sheet) (April 2005) 




